Background: physical mobility testing is an essential component of the geriatric assessment. The timed up and go test measures basic mobility skills including a sequence of functional manoeuvres used in everyday life. Objectives: to create a practical cut-off value to indicate normal versus below normal timed up and go test performance by comparing test performance of community-dwelling and institutionalised elderly women. Setting and participants: 413 community-dwelling and 78 institutionalised mobile elderly women (age range 65-85 years) were enrolled in a cross-sectional study. Measurements: timed up and go test duration, residential and mobility status, age, height, weight and body mass index were documented. Results: 92% of community-dwelling elderly women performed the timed up and go test in less than 12 seconds and all community-dwelling women had times below 20 seconds. In contrast only 9% of institutionalised elderly women performed the timed up and go test in less than 12 seconds, 42% were below 20 seconds, 32% had results between 20 and 30 seconds and 26% were above 30 seconds. The 10 th -90 th percentiles for timed up and go test performance were 6.0-11.2 seconds for community-dwelling and 12.7-50.1 seconds for institutionalised elderly women. When stratifying participants according to mobility status, the timed up and go test duration increased significantly with decreasing mobility (Kruskall-Wallis-test: p-0.0001). Linear regression modelling identified residential status (p-0.0001) and physical mobility status (p-0.0001) as significant predictors of timed up and go performance. This model predicted 54% of total variation of timed up and go test performance. Conclusion: residential and mobility status were identified as the strongest predictors of timed up and go test performance. We recommend the timed up and go test as a screening tool to determine whether an in-depth mobility assessment and early intervention, such as prescription of a walking aid, home visit or physiotherapy, is necessary. Community-dwelling elderly women between 65 and 85 years of age should be able to perform the timed up and go test in 12 seconds or less.
Introduction
The annual incidence of falls among community-dwelling persons increases from 25% at 70 years to 35% over the age of 75 [1, 2] . The consequences of falls are serious. Falls are the major source of injuries in the elderly, and are the 6 th leading cause of death in individuals over 65 [3] . Falls are the most common causes of hip fractures and admission to nursing homes [4] .
The accumulation of deficits in the elderly, such as muscular weakness, decreased balance or neuromuscular abnormalities, result in mobility impairments that may cause falls and difficulties in performing activities of daily living (ADL) [1, [5] [6] [7] [8] . Functional mobility assessments enable physicians and other health care providers to set realistic, measurable goals for their patients, determine functional independence and assist in discharge planning. These tools mimic mobility efforts of everyday life, rather than assessing single neuromuscular impairments in elderly people [5] .
The timed up and go test (TUG-test) is an effective method of assessing mobility and quantifying locomotor performance [9] . The TUG-test is objective, quick and easy to perform. The test includes basic mobility skills, such as rising from a chair, walking 3 meters, turning and sitting down on the same chair. The original description of the 'get-up and go' test by Mathias and colleagues [10] used a subjective rating scale. This test was later modified by Podsiadlo and Richardson, who developed a scaling system based on the observer's perception of the patient's fall risk [9] . The 'timed up and go version' made the scoring more objective, but the test remained unchanged. The original concept is appealing because it describes a realistic mobility assessment including potential fall situations, such as transfer in and out of a chair, walking and turning. Podsiadlo and Richardson validated the TUG-test in 60 elderly patients from a geriatric day hospital. They showed significant correlations (coefficient of correlation (r)=0.81) with the Berg Balance Scale [11] , gait speed (r=À0.61) [12] and the Barthel Index (r=0.78) [13] .
The purposes of this study were to create a practical cut-off value, below which TUG-test performance could be classified as normal and determine the influences of mobility status, age, gender, height, weight and body mass index (BMI) on TUG-test performance.
Methods

Subjects
Four hundred and ninety-one mobile elderly women were enrolled in this cross-sectional study, 413 communitydwelling (mean age in years 73.2"3.2 SD) and 78 institutionalised elderly women (mean age 79.4"3.7 SD). This ratio of community-dwelling and institutionalised elderly subjects was chosen to reflect the general population of elderly women in Switzerland.
Community-dwelling women were recruited from a centre in Aarau, Switzerland, which was currently running a prospective population-based cohort study [14] . Subjects screened were randomly selected from a population based community-dwelling cohort of postmenopausal women. Only 10% used a cane for longer walks, but all preferred to do the tests without a walking aid.
The institutionalised mobile elderly persons were recruited from two long-stay geriatric wards within acute geriatric care departments of the Felix Platter Spital and Kantonsspital in Basel, Switzerland. All institutionalised elderly women were awaiting nursing home placement and were medically stable.
The ethics committee of the Basel University Hospital approved the study protocol. Informed consent was obtained from subjects and legal guardians, where appropriate. An exclusion criterion was self-reported moderate or severe pain in weight-bearing joints at recruitment or examination. Persons with acute illness, hemiplegia or severe dementia, defined as being unable to consent or understand the instructions, were excluded from the study. Two major inclusion criteria were age (65-85) and ability to perform the TUG-test. Subjects who were either unable to walk 6 meters or unable get in or out of a chair with or without a walking aid were excluded.
Subjects were assigned to one of three physical activity groups adapted from a previous publication that related physical activity to bone remodelling in the elderly and showed a stepwise increase in bone resorption with increasing immobility [15] .
Physical activity group 1 consisted of communitydwelling, independently living elderly. Community-dwelling elderly were able to walk safely outside and perform their own shopping. Physical activity group 2 and 3 included institutionalised elderly. Subjects assigned to activity group 2 were able to walk without a walking aid in the institution. Subjects assigned to activity group 3 used a cane or a walker. Institutionalised elderly rarely left the institution for a walk outside, and only if they were in company.
Raters
Three raters were used. The raters were a physician, one medical student and one physiotherapist. All raters were trained in the treatment of elderly persons. Each rater participated in a training session before conducting the study trials and received standardised instructions for the application of the test. A single person conducted all the tests on the same person.
Measures
This study used the TUG-test described by Podsiadlo and Richardson [9] . A special clinical examination room was used to perform all TUG tests. Subjects were observed and timed from the instant they rose from an armchair (seat height 48 cm; arm height 68 cm), walked 3 metres, navigated an obstacle on the floor (i.e. a brick placed a distance of 3 metres from the chair), and returned to a fully seated position in the chair. Subjects wore their regular footwear and were allowed to use the arms of the chair to get up.
Subjects began the test on the word, 'go' and were instructed to 'walk at a comfortable fast and secure pace'. Each subject performed the TUG-test three times on the same day, after one practice trial. The final score was the trial at which the subject was able to carry out the test the quickest of the three timed trials. The score is the time in seconds that the subject needed to complete the test. The test-retest reliability of the TUG-test performance scores was assessed on a random sample of 23 institutionalised patients. This subset of subjects was selected as the variability of TUG performance was expected to be greater than the variability of a subset of healthy women, increasing the likelihood of differences between testers. Spearman's rank correlation coefficients were used to assess inter-rater reliability (Inter-rater reliability=0.91; intra-observer reliability=0.96). All subjects who initially consented to join the study were willing to perform the TUG-test.
Medical comorbidity, which is likely to be associated with worse function, was measured using the Charlson Comorbidity index [16] . The medical charts of a subgroup of 50 institutionalised elderly women from one geriatric unit (Felix Platter Spital) were evaluated. The Charlson comorbidity index is a weighted index that takes into account the number and the seriousness of comorbid conditions. An index of '0' is associated with a 12% 1-year expected mortality rate, a score of '1-2' with a 26% 1-year expected mortality rate, a score of '3-4' with a 52% 1-year expected mortality rate and a score of '05' with a 59% 1-year expected mortality rate [16] .
Statistical analysis
Data were analysed by SPSS # computer program (Version 9; SPSS Inc., Chicago, IL). As data were slightly skewed, comparisons between residential groups were calculated with Mann-Whitney U tests. Difference in TUG-test performance between three mobility groups (community-dwelling, institutionalised with walking aid and institutionalised without walking aid) was calculated by Kruskal-Wallis-test. Alpha levels for significance was set at -0.05. With an alpha set at 0.05 and a beta set at 0.01, we calculated the estimated sample size needed using standardised response means. Based on these results, we more than exceeded the numbers in our sample to detect differences between groups on the TUG test performance scores.
The correlation coefficients were calculated by the Spearman rank sum method. To correct for age, gender and BMI, partial correlation coefficients were calculated.
In the multivariate analysis the following factors were included to explain total variation of TUG-test performance: residential status (community-dwelling versus institutionalised=mobility group 1 versus mobility group 2 and 3), physical activity score (communitydwelling plus institutionalised without walking aid versus institutionalised with walking aid), age, gender, height, weight and BMI. Comparing 10th and 90th percentiles of community-dwelling and institutionalised elderly established a normal cut-off point for TUG-test duration. Nonparametric 96.5% confidence intervals were calculated for the 10th and the 90th percentiles for community-dwelling and institutionalised elderly. Receiver operating characteristics (ROC) analysis was performed to evaluate the diagnostic validity of the TUG-test for discrimination of community-dwelling and institutionalised residential status.
Results
The primary objective of this study was to create a practical cut-off value, below which TUG-test performance could be classified as normal. Figure 1) . In a linear A second objective of this study was to compare TUG-test performance between community-dwelling and institutionalised elderly women. Table 1 displays the demographic characteristics and results of the TUGtest in community-dwelling and institutionalised elderly women. Institutionalised elderly were older (p-0.0001), lighter (weight: p=0.004) had a lower BMI (p=0.004) and were slower in the TUG-test (p-0.0001). The time scores on the TUG test ranged from 4.8-15.8 seconds in community-dwelling women and from 8-160 seconds in institutionalised women. In multivariate analysis, residential status and physical activity were the major predictors of TUG-test performance, after adjustment for age, height, weight and BMI. Figure 2 shows TUGtest performance in two age groups (65-74; 75-85 years). Regardless of residential status, age did not appear to influence TUG-test performance within groups (MannWhitney U test: n.s.).
A third objective of the study was to determine the influences of mobility status, age, gender, height, weight and BMI on TUG-test performance. Figure 3 shows TUG-test results in three mobility groups. Kruskal-Wallistest on TUG-test performance was significantly different between mobility groups (p-0.0001). TUG-test results were significantly correlated with mobility (r=0.60; p-0.0001) and residential status (r=0.59; p-0.0001) and both correlations stayed significant after correction for age and BMI (residential status: r=0.53; p-0.0001/mobility: r=0.65; p-0.0001). Podsiadlo and Richardson [9] proposed three TUGtest performance groups depending on the duration of the test in seconds (group 1: -20 seconds; group 2: 20-30 seconds; group 3: )30 seconds). Figure 4 shows the distribution of community-dwelling and institutionalised elderly persons in four TUG-classes with an additional group that performed the TUG-test in -12 seconds. Ninety-two percent of community-dwelling elderly women performed the TUG-test in -12 seconds (74% -10 seconds) and all community-dwelling women had times below 20 seconds. In contrast only 9% of institutionalised elderly women performed the TUG-test in -12 seconds (8% -10 seconds), 42% were below 20 seconds, 32% had results between 20 and 30 seconds and 26% were above 30 seconds.
The univariate correlation between age and TUGtest duration was significant (r=0.45; p-0.0001) for the entire sample. However, if community-dwelling and institutionalised women were analysed separately, only community-dwelling elderly showed a significant correlation between age and TUG-test performance (r=0.24; p-0.0001). Among the community-dwelling women, a weak correlation was found between TUG-test duration and weight (r=0.18; p-0.0001) and BMI (r=0.21; p-0.0001). Height did not correlate significantly with TUG-test performance in either group.
Comorbid conditions, measured as a weighted index in a subgroup of 50 institutionalised elderly, did not correlate with TUG-test performance [16] . Two percent of the sample had a score of '0' indicating a 12% 1-year mortality rate, 56% had a score of '1-2' indicating a 26% 1-year mortality rate, 34% had a score of '3-4' indicating a 52% 1-year mortality rate and 8% had a score of '05' corresponding to a 59% 1-year mortality rate.
Discussion
In this study elderly women, ambulating safely outside, performed the TUG-test significantly quicker (10 th -90 th percentiles: 6.0-11.2 seconds), than mobile elderly women in the institution with or without walking aid (10 th -90 th percentiles: 12.7-50.1 seconds). Therefore, by comparing 10 th -90 th percentiles of both groups, we propose a cut-off point at 12 seconds or less as normal for TUG-test performance in this age group (65-85 years). This threshold showed discriminative value in the ROC-analysis with an area under curve of 0.969.
In Podsiadlo and Richardson's study [9] 10 healthy elderly persons were compared to 60 patients admitted to a geriatric day hospital. We were able to screen 491 community-dwelling elderly women in a populationbased data set and compare them to 78 institutionalised elderly women. We confirm the findings of our colleagues, illustrating that most healthy community-dwelling elderly (77%) perform the TUG-test in -10 seconds.
We found that TUG-test duration increased in a stepwise fashion with decreasing mobility (p-0.0001). Both residential status and mobility status were identified as strong predictors of TUG-test performance by the adjusted analysis (r 2 0.54). Moreover correlation studies between TUG-test duration and residential and mobility status stayed significant after controlling for age and BMI. Age, as well as BMI, height and weight did not reach significance in the multivariate model. In bivariate correlation studies, age, BMI and weight showed weak correlation with TUG-test performance in communitydwelling elderly women, but not in institutionalised elderly women. Charlson comorbidity index [16] , measured in a subgroup of institutionalised elderly women, did not correlate with TUG-test performance.
Our results suggest that TUG-test performance mirrors residential status in elderly women and discriminates between different mobility levels. One possible explanation for this result relates to the intent and design of the TUG-test which reflects physical performance during everyday life. It has been proposed that decline in physiological function may be better explained by the accumulation of deficits across multiple domains rather than by a single specific impairment (17) (18) (19) . Accordingly, the TUG-test does not focus on independent effects of organ impairments, such as low muscle strength, decreased balance and other compairments, but measures the interaction of these factors on the performance of activities of daily living. It is supported by the growing emphasis on functional capacities in geriatric assessment. In conclusion, we suggest that the TUG-test is useful in detecting mobility impairments in elderly persons. We believe the TUG-test is well suited to assess disabilityit is easy to conduct, requires little equipment and has been shown to be reliable and valid. It clearly discriminates between community-dwelling and institutionalised elderly women. Furthermore, we propose a normative cut-off point at 12 seconds for elderly women between 65 and 85 years of age. In daily clinical practice, community-dwelling elders who perform the TUG-test in )12 seconds should receive early evaluation and intervention. Further studies are needed to validate this cut-off point against hard clinical outcomes such as falls and nursing home admissions.
Key points
. Twelve seconds is suggested as a practical cut-off value to indicate normal versus below normal timed up and go test performance. . Community-dwelling elderly women should be able to perform the timed up and go test in 12 seconds or less. . Timed up and go test performance is dependent on residential status. . Timed up and go test performance decreases with impaired mobility.
